C h i l d h o o d a n d s c h o o l d a y s (1914-30). S o m e l a n d m a r k s o n l i f e 's p a t h
Yakov Borissovich Zel'dovich was bom on 8 March 1914 in Minsk (Belomssia) in his grandfather's house, but in mid-1914 his family moved to St Petersburg (Petrograd, later Leningrad). His father was a lawyer and his mother a translator of literature (from French into Russian). In 1930 Ya.B. completed his school education and enrolled on a course for laboratory assistants at the Institute for Mechanical Processing of Useful Minerals (Mekhanobr), where he examined, and possibly prepared, slices of mined rocks. In his auto biographical notes (see (2) p. 632), Ya.B. recalls a conversation with his father, who was dis cussing the choice of subjects with his 12-year-old son. It was generally accepted (I believe with justification) that mathematics required a certain exceptional or, at any rate, specific talent. At that time a school physics teacher solemnly read Newton's Laws first in Latin and only afterwards in Russian. In one way or another, the school physics course generated no enthusiasm; there were few popular physics texts and no suitable surroundings. It was there fore rather by chance that Ya.B.'s first inclination was for chemistry or, more precisely, physical chemistry. It was also a matter of chance that this interest should be strengthened and soon brought to fruition.
In March 1931 Ya.B., together with colleagues from 'Mekhanobr', visited the Department of Chemical Physics of the Leningrad Physical-Technical Institute (LFTI)*, which was involved in the crystallization of nitroglycerine in two modifications. The young Ya.B.'s sci entific interest was beyond his years and attracted the attention of his seniors. After com pleting his laboratory assistants' course, he was given the chance to work in the laboratory at LFTI led by S.Z. Roginskii. (The exact date of starting this work is known -15 March 1931.) Soon afterwards Ya.B. presented a report on ortho-para-hydrogen transformations at the seminar of the LFTI Chemical Physics Section (led by N.N. Semenov). Because of the evident fervour and understanding of the 17-year-old Ya.B., LFTI wanted to employ him and, after overcoming bureaucratic difficulties, this was achieved on 15 May 1931. Ya.B. joined the staff of the independent Institute of Chemical Physics of the USSR Academy of Sciences, which had just split off from LFTI. (The Institute still bears this name and after the war was based in Moscow.) Ya.B. at once immersed himself in research. To enter university and give up this work for 4-5 years seemed pointless and was probably impossible for an active young man already well educated and full of energy. Ya.B. did not, therefore, receive an official higher educa tion. Perhaps, even given exceptional talent, such a course today would present difficulties. But at that time particularly, drastic changes were taking place in the USSR in both sec ondary and higher education, and diplomas were not given great attention. In one way or another, Ya.B. was able to embark on a postgraduate career and he defended his thesis for the Candidate of Sciences Degree (roughly equivalent to a Ph.D.) in 1936. Three years later (1939) he defended his Doctor's Dissertation (equivalent to D.Sc. and generally of great importance in the USSR where it gives the right to hold a Chair). But recognition for Ya.B. was certain and was in no way dependent on defending dissertations. By 1939 the 25-yearold Ya.B. was the author of a number of papers on chemical physics (the difference between this and physical chemistry I have never been able to fathom). Moreover, through his excep tional talent and energy Ya.B. had already become almost legendary. Ya.B. himself relates some of these legends in his autobiographical notes (see (2) p. 633). I recall one story from the post-war period. When N.N. Semenov, Director of the Institute of Chemical Physics, was told of the difficulties encountered in creating a theory of nuclear forces, his reported reac tion was to say 'Well, then, let's give it to Ya.B. Zeldovich and he will have it all solved in a couple of months'.
It is worth noting, incidentally, that during his early years Ya.B. worked both as an experi mentalist and as a theoretician. His connection with experiment always remained with him. Although the centre of gravity of his interests used to change, his earlier work was not for gotten. According to V.I. Goldanskii (3), literally on the day before his death, Ya.B., having found a new survey on combustion chemistry, expressed his great interest and intention to read it.
The discovery in 1939 of the nuclear fission of uranium immediately attracted the atten tion of Ya.B. and Yu.B. Khariton as a possible way of obtaining a chain reaction -a problem close to their interests in the theory of chemical reactions. It was therefore natural that Khariton and Zeldovich should be among the first scientists called together by I.V. Kurchatov to solve the 'uranium problem' and its important applications. For many years Ya.B. worked mainly outside Moscow although he also concerned himself with a number of purely scientific questions. It was not until 1964 that he officially joined the Institute of Applied Mathematics of the USSR Academy of Sciences founded and led by M.V. Keldysh. Later, in 1983, he transferred to the Institute of Physical Problems of the USSR Academy of Sciences where he led the theoretical department that had been founded by L.D. Landau.
Ya.B.'s works were widely recognized both in the USSR and abroad. In 1946 he was elected Corresponding Member, and in 1958 Full Member (Academician) of the USSR Academy of Sciences. Ya.B. was three times awarded the title of Hero of Socialist Labour, he was a Lenin Prizewinner and was four times a winner of the State Prize of the USSR. He received a number of other prizes and medals. He was elected a Foreign Member of the Royal Society of London, the US National Academy of Sciences and a number of other academies and societies.
It is time, finally, to turn to Ya.B.'s scientific contributions. It should be mentioned once again that these are described in detail in (1, 2) and here it is only possible (and, I feel, appro priate) to characterize briefly the main directions of his work.
Chemical physics and hydrodynamics. First contributions in the
The direction of Ya.B.'s early works was catalysis and adsorption (the first three papers in (1) are on these themes and his Candidate's Thesis was devoted to adsorption).* The main study concerned the creation of a theory of adsorption isotherms (i.e. the dependence of the quantity of an adsorbed substance on the gas pressure or on the concentration of the adsorbed substance in a solution), taking account of the inhomogeneity of the adsorbent surface.
An analysis of the flow of chemical reactions (in particular, catalytic) and of combustion led Ya.B. to hydrodynamics, heat transfer and turbulence. His first articles on these themes appeared in 1937 and concerned asymptotic laws of heat transfer at small velocities of a liquid and self-similarity laws of freely ascending convective flows (papers 4 and 5 in (1)).
It was characteristic of Ya.B. not to overlook past experience, even when moving to com pletely new problems. Thus, when deeply immersed in astrophysics, he occupied himself with magnetohydrodynamics and its applications in analysing the generation of a magnetic field in a moving conducting fluid (1956, 1972, 1979, 1980 and so on; see (1)). Since the chronological character of this account has already been violated (and how could it be other wise when Ya.B. frequently returned to problems that had excited him in the distant past?), I refer here to the solution of the problem of gas motion under the action of short-duration pressure (impulse) published in 1956 (see paper 9 in (1)) and to the theory of new phase for mation published in 1942 (see paper 10 in (1)). The latter work is fundamental to the kinetics of phase transitions of the first kind (it considers the fluctuational formation and subsequent growth of vapour bubbles in a fluid at negative pressures). The theory of shock waves, and especially combustion and detonation theory, take up a very large part of Ya.B.'s legacy. Fields included here (which are difficult to separate) are ignition, the spread of flame, the combustion of powder and nitrogen oxidation. In addition to the 15 papers on these themes included in (1), there are several monographs (these are listed in (1); we refer here only to monographs (4) to (6) published in English).
The kinetics of chemical reactions (in particular, the theory of chain reactions), the propa gation of flames as waves of combustion, the influence of different factors (the role of media boundaries, temperature, etc.) comprise an enormous field, especially if different branches and applications are taken into account. Despite my sincere wish to explain the results obtained by Ya.B. in this field, it is clear that I cannot accomplish this in a few pages. One needs, if not a monograph, a whole survey article. I must, therefore, reluctantly, limit myself to the enumeration and statement of certain assertions. On the basis of what is known to me, Ya.B.'s contribution to the theory of combustion and detonation exceeds that of any other person. But if this assessment, like many similar ones, is unavoidably subjective, there can be no doubt that all this research guaranteed Ya.B.'s success in his work on the theory of the combustion of powder (1941-42) and on the chain fission of uranium (1939 and later). An understanding of the features of the combustion of powders served as a basis for creating the internal ballistics of solid-fuel rockets (research carried out during the war was orientated towards the 'Katyusha' rocket weapon).
The discovery of the nuclear fission of uranium (1938) (1939) immediately attracted the attention of Yu.B. Khariton and Zel'dovich. As Ya.B. himself wrote (see (2), p. 637): 'The discovery of uranium fission and the possibility in principle of a chain fission reaction prede termined the fate of the century -and mine as well'. The first paper by Ya.B. (jointly with Yu.B. Khariton) on this subject was submitted to the editors of the Zhumal eksperimentalnoi i teoreticheskoi fiziki ( Journal o f Experimental and Theoretical Physics) on the second on 22 October 1939, and the third on 7 March 1940 (papers 1, 2, 3 in (2)). Khariton and Ya.B. even published two surveys devoted to splitting the nucleus and chain reaction in uranium (7, 8). It is typical, and needs no further commentary, that the second part of the second of these surveys was published only in 1983 (9). Papers of the type referred to (see 1-3 in (2)) were, as far as we know, the only publications in the world on this theme before the 1955 Geneva Conference. It is very curious that the work on uranium fis sion by Khariton and Ya.B. was considered 'outside the plan' and that they worked on it in the evenings, sometimes until late (see (2) p. 637).
As already noted, Ya.B.'s work on uranium fission and chain reactions in uranium, and also the theories of detonation and shock waves, predetermined Ya.B.'s attraction to the uranium problem. Unfortunately, all we know officially about this work is that he received awards (see earlier). After the lapse of about 40 years all this activity is still considered 'closed'. I would like to think that the radical changes now taking place in the USSR, in par ticular those connected with publicity, will bring an end to this anecdotal situation. Unfortunately, apart from what has been said, I cannot at the present time report anything concrete about Ya.B.'s work in the field of developing the new technology (as it is officially called).
N u c l e a r p h y s i c s a n d t h e t h e o r y o f e l e m e n t a r y p a r t i c l e s (1947-1963)
Research into uranium fission and related questions naturally drew attention to nuclear physics and the theory of elementary particles, or, as it is usually referred to today, highenergy physics. (Whether this terminology is more appropriate here is difficult to say; most particles studied are not elementary, but neither is research into all these particles and their interactions the monopoly of high-energy physics.)
In the field of nuclear physics, apart from work directly connected with nuclear fission, we recall the method of containment ( 'storage') of very slow-cold neutrons, suggested by Ya.B. in 1959 (see paper 5 in (2)). It is a matter of total internal reflection of neutrons of con densed media (say, graphite blocks forming a closed cavity). Ya.B.'s idea is used today, par ticularly in attempts to measure the electrical moment of neutrons. In 1960 Ya.B. examined the possibility of the existence of relatively long-living nuclei with a large isotopic spin, and of limits of stability of light nuclei relative to the nuclear emission. The possibility of observing an isotope of 8He was demonstrated. (Soon after, this isotope was in fact discov ered.) This research, and also the hypothesis on the possible existence of a nucleus (isomer) with a quantum vortex along the axis of the nucleus, can be found in (2, papers 5-8). In 1952 and 1953 Zel'dovich discussed laws of conservation of baryon and lepton charges (papers 9 and 10 in (2)). As is clear from the commentaries to these papers, similar results were obtained at about the same time and, of course, independently by other authors. But this does not alter our conclusion that, having got involved in elementary particle physics, Ya.B. typi cally succeeded in identifying straight away the pivotal problems and found himself at the centre of events. In (2) there are 16 papers devoted to the theory of elementary particles and related problems (in the sections headed 'Theory of elementary particles' and 'Atomic physics and radiation'). References at the end of (2) list 76 papers on these subjects (some, of course, with co-authors). When the complete works of Ya.B. Zeldovich are published they will amount to many volumes. Suffice to say that the selected papers in (1) have references to 19 monographs (including two dissertations) and 156 publications in journals and collec tions of articles, etc.; in (2) there are references to another 14 monographs and textbooks and a further 296 papers.
All this material, of course, contains papers that are closely related in content and subject. More characteristic is the diversity of questions discussed. Undoubtedly this reflects in some measure Ya.B.'s style. Having become interested in a problem, or hearing something inter esting, Ya.B. would often make his own contribution, sometimes write a short note, leave his mark and, without stopping, move on. This kind of activity sometimes arouses criticism in scientific circles. Prolific authors are often accused of sins such as, for example, trying to maximize the number of their publications. It goes without saying that such a reproach addressed to Ya.B., especially in his last decade, would be simply ludicrous. By publishing short notes he could only fuel such criticism and not increase his fame. I never, unfortu nately, discussed this matter with Ya.B., but I am convinced that he acted in accordance with a very simple motive -if something was of interest to him, even a tiny remark, he wanted to share it with others who he considered would also find it of interest. I write about this in par ticular because, without in any way comparing myself with Ya.B., in similar circumstances I would approach the matter of publication in the same way. I am convinced that requirements to publish, the ease or difficulty of deciding whether or not to publish -this is all a question of style or, if you like, the form of scientific activity. It stands to reason that one's contribu tion to science is determined not by numbers of papers but by their quality and content.
I have made this digression because, once again, I have felt that I cannot simply enu merate here all Ya.B.'s results. In regard to elementary particle physics I shall confine myself to papers devoted to weak interactions (the theory of |3-decay). Thus, in 1955 S.S. Gershtein and Ya.B. for the first time formulated (paper 12 in (2)) the important idea that a weak charged vector hadron current should be conserved, as a result of which the effective vector constant in the (3-decay of a neutron does not change under the effect of virtual strong inter actions. Later (in 1958) R. Feynman and M. Gell-Mann arrived at this important result in their theory of a universal weak V-A interaction. (Feynman and Gell-Mann were at first unaware of the paper by Gershtein and Zeldovich but Gell-Mann later referred to it.) In 1959 Ya.B. expounded (paper 15 in (2)) a very important pioneering hypothesis on the existence of neutral currents violating the conservation of spatial parity. It was also shown in this paper that the violation of parity with weak interactions must lead to the rotation of a polarization plane of light in a substance not containing optically active molecules (in the usual sense). As we know, this elegant effect was later observed. Also worthy of mention is Ya.B.'s remark of 1957 (paper 19 in (2)) that, evidently for the first time, referred to the possibility of the existence of, as he termed it, an anapole moment. It is now customary to call this moment toroidal and in classical electrodynamics the concept is very simple. (This interpretation is also contained in Ya.B.'s paper.) Imagine a solenoid with a constant current flowing along it and give the solenoid the shape of a torus. Then, if the solenoid is uncharged it will not have any electrical multiple moment. Further, if the azimuthal current in the torus-solenoid is zero (this is achievable with a double winding), the dipole magnetic moment will be absent. But inside the solenoid the magnetic field differs from zero and this field will interact with the current piercing the solenoid. (For this Ya.B. suggested placing the torus in, for example, an electrolyte through which a current is passed.) Such a torus also has a toroidal moment. In the case of a small torus it will be a toroidal dipole moment (see, for example, (10) where further references are given.)
A s t r o p h y s i c s , g e n e r a l t h e o r y o f r e l a t i v i t y , c o s m o l o g y (1964-1987)
Astronomy has always been closely connected with physics. At different times this con nection has taken various forms. The transformation from optical to all-wave astronomy, the concept of neutrino astronomy and gravitational wave astronomy -all this is essentially the outcome of the post-war period, the second half of this century. There is often talk of a second astronomical revolution (the first being associated with the names of Copernicus and Galileo). It would be superfluous here to discuss the basis of this terminology and, more par ticularly, the content of the truly remarkable changes taking place in astronomy (including, of course, astrophysics and cosmology) resulting from the discovery of quasars, pulsars, relic (thermal) microwave radiation, 'X-ray stars', cosmic masers, etc.
It is important that, at the beginning of the 1960s, Ya.B. Zeldovich, with his keen reaction to what was new and important, evidently felt he was ideally prepared for work in the field of the new astronomy. In fact, Ya.B.'s experience of research in hydrodynamics and explo sions, the theory of elementary particles and much else was clearly useful. He made a deci sive choice to give fundamental attention in the last quarter century of his life to astronomy. In attempting to characterize his research in these fields, we again encounter the oft-men tioned difficulty: there is so much material that this memoir cannot possibly embrace it all. An impression may be gained, albeit superficial, from the content of sections in the second part of (2) under the general heading 'Astrophysics and cosmology', where the bibliography lists 17 surveys. There are sections on elementary particles and cosmology (25 papers); gen eral theory of relativity and astrophysics (38 papers); neutron stars and black holes, accretion (30 papers); interaction of matter and radiation in the Universe (16 papers); formation of the large-scale structure of the Universe (44 papers); observational effects in cosmology (15 papers). It is clear that we can dwell only on a few results and particular examples.
In 1966 Ya.B. and S.S. Gershtein considered the question of limits on the rest mass of a neutrino on the basis of cosmological considerations (paper 26 in (2); this work in concept was preceded by a paper by Ya.B. and Ya. A. Smorodinskii in 1961). The limit obtained for the mass of a muonic neutrino, m^v^) < 400 eV cm-2 , was several orders of magnitude below the limit resulting from laboratory data. The same limit was obtained for the electron neutrino, which was at that time somewhat higher than the laboratory value. It was important that cosmological considerations imposed an upper limit on the sum of the rest masses of neutrinos of all possible kinds and, especially, on the sum of masses of weakly interacting particles of all possible types. This important concept is now an organic part of physics and astronomy.
In 1967 Ya.B. turned his attention to estimates of the cosmological constant A, first intro duced by Einstein in 1917 in the general theory of relativity. As we know, the term A now plays an exceptionally important role in cosmology (and is applied to the earliest inflationary stages of evolution of cosmological models). Ya.B. already realized (this was not widely known) that the introduction of A was equivalent to assuming the existence of vacuum energy with density
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and negative pressure p 0 = -f^. In this work (paper 27 in (2)) Ya.B. pointed out that estimates of the magnitude of the constant A resulting from the theory of elementary particles exceeded the value of A obtained from observations by many orders of magnitude. (As far as I know, this had been done earlier but Ya.B. was not aware of it.) The problem of A and the reasons for its smallness still remain a focus of attention.
In connection with this paper I venture to make the following remark. After A.A. Friedmann in 1922 and 1924 had discovered non-stationary solutions of the equations of the general theory of relativity for isotropic and homogeneous cosmological models, the term A fell into disfavour. Einstein himself declared that his introduction of A was almost a mistake.
Pauli, Landau and probably many others spoke out against the possibility or, more precisely, the relevance of introducing A. True, all the arguments on this question known to me can be said to be aesthetic in nature -the introduction of A into Einstein's gravitational equations was not obligatory and seemed an unnecessary complication. One can understand such a position. If the analysis of fundamental physical problems in fields where there is very little or no experimental data is not governed by principles of simplicity and a minimum of propo sitions it is extremely difficult to move forward. But for me personally the introduction of A into the equations of the general theory of relativity always seemed so natural and essentially unambiguous (there is no place here to amplify this remark) that I can be said to have been a 'supporter' of A. I remember how we argued this point with Ya.B., knowing that he was sometimes rather aggressive in his rejection of some hypotheses (but this was more his style, in the spirit of Landau). But when the first indication appeared that A had a real, albeit hypo thetical, role (it was a question of observations of a red shift of the absorption lines in the quasar spectrum), Ya.B. instantly applied himself to the question. This showed his flexibility, lack of prejudice and ability to change his opinions rapidly when faced by facts or even by a hint of new facts from preliminary observational data. It is curious that such a trait -a rapid change of opinion -is frequently held against a person. Sometimes, of course, such reproaches are deserved, but this does not, on the whole, apply to physics nor, I believe, to science in general.
In his afterword in (2) (see p. 642) Ya.B. himself states that in the field of astrophysics his most important individual work was the nonlinear theory of formation of the structure of the Universe or, as it is now called, the 'pancake theory'. In fact, Ya.B. devoted a number of papers to this great problem, some jointly with colleagues (see (2), section 7; Ya.B.'s first paper on this subject was published in 1970).
A few words should be added here about other important directions of Ya.B.'s work in the field of astronomy. He paid great attention to the diffusion of radiation in a hot interstellar and intergalactic gas. One of the 'products' of this research is the Zeldovich-Sunyaev effect (1970 and later) which consists of a temperature reduction of the relic radio-frequency radia tion passing through a gas in clusters of galaxies (see paper 67 in (2)). Further, one cannot overlook Ya.B.'s elegant remark made in 1962 (paper 29 of (2)) concerning the possibility of transforming a body of any mass, given sufficient compression, into a black hole. Such an assertion now seems obvious, but I clearly remember that Ya.B.'s conclusion was for many of us at the time unexpected. Other important, and in practice incomparably more important, remarks and results by Ya.B. are included in his papers, some jointly written with I.D. Novikov, O. Kh. Guseinov and others, on the accretion of matter on white dwarfs, neutron stars and black holes. The importance of this group of questions for X-ray astronomy, espe cially in the case of double stars, is now generally known. It is also impossible to overlook Ya.B.'s joint paper with O. Kh. Guseinov in 1966 (paper 43 in (2)), in which it is proposed (as far as I know for the first time) to detect collapsed stars, particularly black holes, by observations on spectrally double stars.
Finally, the last of Ya.B.'s directions on which we shall dwell is the cosmology of the early Universe, as it is now sometimes called, bearing in mind the early phases of evolution in cosmological models with singularities. At the beginning of his work on cosmology, before relic radiation (with temperature T ~ 3K) was discovered in 1965, Ya.B. made an erroneous conclusion that hot models of the Universe contradicted observations. In 1962 he suggested a 'cold' model variant (paper 47 in (2)). It is characteristic that this paper, obvi ously with Ya.B.'s agreement, is included in his selected works and that in the afterword ((2), p. 643), Ya.B. self-critically speaks of this and of certain other errors, stressing, how ever, that he 'did not insist on his mistakes'. The significance of this has already been noted. Immediately after the discovery of relic radiation Ya.B. not only 'acknowledged' the hot model but, more importantly, opened up a broad front of research into its development and verification. The beginning of this can be said to be his programme paper published in 1966 (paper 46 in (2)). Ya.B. and his co-workers, and sometimes his co-workers alone, did much in the ensuing years in this direction -1 have in mind different aspects of the hot model con sidered not too close to a singularity after, say, some hundredths of a second and subse quently. But long ago it was clear that special mystery attached to the singularity itself and its 'neighbourhoods', in particular the 'nearest' neighbourhoods, when the general theory of relativity, as the classical theory, failed and it was necessary to turn to the quantum region of gravitation and to quantum cosmology respectively. It is natural that the quantum region, and also the later inflation region, should attract particularly close attention from Ya.B. in the final years of his life. He writes about this at the end of his afterword ((2), p. 643) and I know of two articles (11, 12) published posthumously on the subject. It would be inappropriate for me to attempt here to reflect Ya.B.'s views on the contemporary state of cosmology of the early Universe -everything that he wished to say on the subject is contained in easily acces sible articles (11, 12) written only a few months before his death. Moreover, as far as I can judge, it is a question not of completely new ideas from Ya.B. but of his positive assessment of the direction that cosmology is now taking (inflation, the role of the scalar field, multi dimensional generalizations, connection with high-energy physics, etc.). As already stated, Ya.B. worked to the very end of his life and was always enthused, in the first place by cos mology. Besides, his interests were always very broad and his very last thoughts on science we shall never know. But perhaps this is all to the good, since the life of such a person as Yakov Borisovich Zeldovich does r. }t end with his last thought but continues in his works and in the works of those who follow, him.
C o n c l u d i n g r e m a r k s
Ya.B. Zeldovich can most accurately be described as a theoretical physicist of broad, one might say universal, profile. If we speak of the recent past, R. Feynman, L.D. Landau and a few others also belong to this category, but their numbers are decreasing. The evident cause of this is the colossal expansion of the forefront of physics. As a rule, experimentalists have long lost the chance to work simultaneously, or even consecutively, in different fields of physics. The unity of methods and forms of theoretical physics makes the situation of theo retical physicists in this respect more favourable. But the breadth of the range of investiga tions accomplished by Ya.B. is unusual even for versatile theoreticians.
Ya.B.'s connection with experimental work has already been noted as characteristic. At the beginning of his career he himself did a lot of experimentation. Another strong trait was his mastery of mathematics. Mathematics is, of course, the language of theoretical physics, but the degree of mastery of this language fluctuates enormously, even among fully qualified theoretical physicists. Some, using only standard methods, work entirely successfully because the physics extends beyond the mathematics. But in many fields, particularly the most modem (quantum field theory, string theory), the role of mathematics and of its most recent advances becomes dominant. Ya.B. here occupies a special place. Apart from his mastery of standard mathematical methods he solved a number of problems not by using refined results but by blazing new trails. The mathematician V.I. Arnold, in a special section of the introductory article in (1), entitled 'Mathematics in the work of Ya.B. Zeldovich', con siders that some of Ya.B.'s achievements 'are essentially mathematical discoveries and rank with the most modem researches by mathematicians'. Since I myself belong to those theoret ical physicists far removed from contemporary mathematics, I shall not interpret this state ment (all the more because such an interpretation would reduce to rewriting V.I. Arnold's remarks). I would only add that Ya.B. wrote a textbook, Higher Mathematics fo r Beginners and its Applications to Physics, that has been reprinted many times and translated into sev eral languages. This book is in some measure the fruit of Ya.B.'s adverse reaction to conven tional university mathematics courses, which are overloaded with formalism and ineffective for a rapid mastery of the mathematics used in physics.
If Ya.B.'s scientific career is reckoned from the date of his joining the Institute of Chemical Physics (15 May 1931), and here there is no uncertainty, he worked for more than 56 years. A massive heart attack struck him down suddenly and he died without regaining consciousness on 2 December 1987. All those 56 years were years of uncommonly intensive work. But at the same time, Ya.B. was no workaholic. He appreciated sport (swimming and skiing), entertainment and fiction, and gave much attention to his large family -one might say to his physics family because the majority are physicists. One family member well known to me is Ya.B.'s son -Boris Yakovlevich Zel'dovich -who, like his father, is a firstclass theoretical physicist.
In conclusion, I recognize clearly that I have not sufficiently reflected the scientific merits of Yakov Borissovich Zel'dovich, nor have I communicated much about him as a man. However, I believe the introductory article to the selected works (see (1), pp. 3-56), the auto biographical afterword (see (2), pp. 632-644) and the readily accessible articles by V.I. Goldanskii (3) and A.D. Sakharov (13) , who were very close to Ya.B., will in some measure help to fill out the picture. I would like to end by using the final words from (13): 'Now, when Yakov Borissovich Zel'dovich has departed from us, we, his friends and colleagues in science, understand how much he himself did, and how much he gave to those who had the chance to share his life and work'. 
